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 18 
Background 19 
Sensorimotor control dysfunction, such as impaired head and eye movement control and postural 20 
stability occurring concurrent with neck pain (NP), is thought to be due to altered cervical afferent 21 
input or impaired cervical proprioception. (Jull et al. , 2008, Kristjansson and Treleaven, 2009, Kulkarni 22 
et al. , 2001, Liu et al. , 2003, McLain, 1994, Richmond and Bakker, 1982). Negative long-term 23 
consequences of impaired proprioception can lead to further injury, recurrence, and chronicity 24 
(Kristjansson et al. , 2016, Roijezon et al. , 2015). Subjective symptoms associated with impaired 25 
cervical proprioception include dizziness and light-headedness, and are more common in patients after 26 
whiplash (WAD) (Treleaven, 2011, Woodhouse et al. , 2010b). Importantly, they are associated with 27 
poor prognosis and should be managed early (Treleaven, 2011). Thus, assessment and management 28 
of cervical proprioception is important in the management of NP.  29 
Recent prospective studies revealed improvements in cervical movement sense (CMS) in subjects with 30 
NP receiving intervention to address motor control and stability (Kristjansson et al., 2016, Meisingset 31 
et al. , 2015, Sarig Bahat et al. , 2015b, Treleaven et al. , 2016). However, such impairments are often 32 
subtle and can remain undetected with conventional physical examination necessitating special tests 33 
to examine cervical proprioception (Oddsdottir and Kristjansson, 2012).  34 
Assessment of CMS determines the ability to smoothly and precisely move the head/neck, usually to 35 
a given pattern (Michiels et al. , 2013). Various methods using equipment not readily clinically available 36 
can demonstrate CMS impairments in individuals with NP (Kristjansson and Oddsdottir, 2010, 37 
Oddsdottir and Kristjansson, 2012, Sarig Bahat et al. , 2015a, Woodhouse et al., 2010b).  38 
A cost-effective and simple clinical alternative, where time and number of errors are recorded while 39 
tracing zigzag (ZZ) and figure of eight (F8) patterns with a head-affixed laser has been investigated in 40 
healthy asymptomatic and individuals with NP and shown to be reliable (Pereira et al. , 2013, Werner 41 
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et al. , 2018). First indications of clinical feasibility were demonstrated but elaboration is needed 42 
(Werner et al., 2018).  43 
Accordingly, the primary aim of this study was to examine differences in CMS between age- and 44 
gender-matched individuals with NP and asymptomatic controls to determine suitable cut-off 45 
measures for clinical interpretation. We also examined subgroup differences between patients with 46 
idiopathic neck pain (INP) and WAD. 47 
 48 
Methods 49 
Adult individuals with NP and age- and gender-matched asymptomatic controls were recruited for 50 
two separate university-based higher degree projects. The first, recruited individuals with (n=18) and 51 
without NP (n=38) from the general public and community at XXXX. The second recruited additional 52 
individuals with NP, from the physiotherapy department of the XXXX hospital in XXXX (n=20), 53 
matched by age and gender to the demographics of healthy subjects of the first cohort. Both projects 54 
received approval by their local ethical committees (XXXX and XXXX).  All participants gave written 55 
informed consent prior to the measurements. 56 
Participants were included in the NP group if they had traumatic or non-traumatic NP of more than 57 
three months duration and a minimum Neck Disability Index (NDI) score of 10% (Vernon, 2008, 58 
Vernon and Mior, 1991). Control participants were included if they had no history of NP for which 59 
they sought treatment and a NDI of less than 4%. Exclusion criteria included any current or history of 60 
medical conditions affecting nerves, muscles or joints, vestibular disorders or dysfunction, 61 
neurological or central nervous system conditions, disorders of eye movements or visual 62 
impairments, deafness, hearing aids or previous ear surgery, psychiatric disorders or head injury.  63 
People using medication that may have affected their perception, and subjects familiar with CMS 64 
testing, were also excluded.  65 
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All participants completed a demographic questionnaire recording gender, age, duration of the 66 
problem in months, current pain intensity (visual analogue scale; VAS) (Jensen et al. , 1986), and 67 
whether they were suffering from traumatic (WAD) or non-traumatic INP.  68 
Pain and disability related to NP (MacDermid et al. , 2009, Vernon and Mior, 1991)), and dizziness 69 
and related symptoms (Dizziness Handicap Inventory short form (DHIsf) (Jacobson and Newman, 70 
1990, Tesio et al. , 1999)) were also recorded. 71 
 72 
Testing procedure 73 
Subjects completed the questionnaires and then performed CMS testing in random order and 74 
according to an established method (Werner et al., 2018). Briefly, subjects sat on a chair with 75 
backrest, one metre away from a board where the F8 or ZZ pattern was attached. Subjects wore a 76 
headband with an affixed laser pointer. With the subject sitting comfortably upright, each pattern 77 
was attached to the board so that the laser beam directed to the pattern centre. A video camera 78 
(Microsoft LifeCam Studio 1080p HD Sensor) was positioned 0.5m from the board directed at the 79 
pattern (Figures 1 and 2). 80 
 81 
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 82 
Figure 1: test-set up using the zigzag pattern. Arrows on the pattern indicate movement directions. 83 
 84 
Figure 1a: For the zigzag pattern, an error was given whenever the laser beam left the inner green 85 
zone, which was 5mm either side of the bold line.  86 
  87 
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 88 
Figure 2: test-set up for Figure of 8: arrows on the pattern indicate movement directions 89 
 90 
Patterns described previously (Werner et al., 2018)  were printed on A3 paper where a 5mm thick 91 
black band (F8) and 10mm thick green band (ZZ) represented the central (main) pattern. Both 92 
patterns had additional lines every 5mm to both sides from the main line to distinguish further zones 93 
of deviation as per previous research but only the inner zone and thus number of errors was used in 94 
this analysis.    95 
After one warm-up, subjects performed two repetitions for each pattern, one while starting to move 96 
first to the left and another starting first to the right. Subjects were asked to trace along the bold 97 
black line within the inner zone of each pattern as accurately as possible. If they moved outside of 98 
the zone, they were to return to the bold line as soon as possible.  99 
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Performance ratings 100 
At each site, videos had been rated in real-time using the programme SMIPlayer 101 
(https://www.smplayer.info). Two independent raters at the first site, who were also blind to the 102 
condition of each subject (NP or control) while one rater at the second site was blinded to first site’s 103 
ratings and patient characteristics.  104 
Outcome parameters 105 
Two outcome variables for each pattern (ZZ and F8) and each direction were evaluated: 1. Time 106 
needed to trace the pattern in seconds (time) and 2) real time number of errors, defined as the sum 107 
of deviations from the inner zone defined by the laser beam completely leaving the pattern inner 108 
zone when viewed on the video in real time. The inter-rater reliability has previously been shown to 109 
be perfect for time ratings and moderate to high for number of errors with standard errors of the 110 
measurements of 1 to 1.6 for ZZ and close to 3 errors for F8 (Werner et al., 2018).  111 
Data processing and analysis 112 
Data from both university partners were recorded in a standardized way and combined for further 113 
analysis by using Cran-R version 3.4.1 including the packages “ROCR” and “epiR” (Peña and Slate, 114 
2006, R-Development-Core-Team, 2008, Sing et al. , 2015, Stevenson, 2018). 115 
Preliminary statistical analysis revealed no significant differences in time or number of errors 116 
between moving first to the left or the right for each pattern, thus the mean of both directions was 117 
computed and used for further analysis. Independent t-tests (cases vs. controls) were performed to 118 
detect differences between groups for age, NDI and DHIsf and time and number of errors for each 119 
pattern.  Sensitivity and specificity for both patterns and outcome variables and for different cut-offs 120 
were computed using four seconds intervals in time and two errors intervals in number of errors 121 
(Akobeng, 2007, Streiner and Norman, 2008). Optimal cut-off points were derived and, by using the 122 
receiver operating curve (ROC) method, the largest area under the curve for both, sensitivity (true 123 
positive) and 1- specificity (false positive), denoted the optimal cut-off (Akobeng, 2007). Positive 124 
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(LR+) and negative likelihood ratios (LR-) for each cut-off were calculated. A LR+ is the ratio between 125 
the probability of a positive test result if the impairment is present versus the probability of a 126 
positive test result if the impairment is absent (True positive rate/ False positive rate) (Davidson, 127 
2002, Grimes and Schulz, 2005). Vice versa a LR- is the ratio of the True negative rate/ False negative 128 
rate (Davidson, 2002, Grimes and Schulz, 2005). In general, tests with LR values close to “1” provide 129 
little additional information. A LR+ between 3 and 10 is regarded “moderately positive” and above 10 130 
“very positive” (Sackett, 2000). A LR- between 0.3 and 0.1 is regarded “moderately negative” and 131 
below 0.1 “extremely negative” (Sackett, 2000). 132 
In a subgroup analysis of co-variances (ANCOVA), differences in outcome variables between 133 
individuals with INP and WAD were examined while adjusting for age, NDI-score, and the pre-test 134 
pain intensity status as covariates.  135 
 136 
Results 137 
Data from 76 subjects (38 NP and 38 gender-and age matched asymptomatic control subjects) was 138 
collected. The mean age (standard deviation) of the NP was 34.95 (12.53) years, compared to 35.13 139 
(13.18) years in the control group. Further details are given in Table 1 for all cases and controls, and 140 
Table 2 for the subgroups of WAD and INP cases. 141 
Individuals with NP used more time approximately 4.5 seconds more for ZZ (t= 1.70, p=0.09) and 5.5 142 
seconds more for F8 (t= 2.22, p=0.03, Table 1). The NP group had approximately 3 to 4 more errors 143 
for ZZ (t= 3.9, p< 0.01), and 13 more errors for F8 (t= 7.2, p< 0.01, Table 1) compared to controls. 144 
Sensitivity, specificity, LR+ and LR- values for optimal cut offs were higher for number of errors than 145 
for time.  146 
Optimal cutoffs of 10 errors for F8 and 9 errors for ZZ, provided moderately positive LR+ with 3.78 147 
and 3.00 respectively, and moderately negative LR- 0.14 for F8, but above threshold with 0.38 for ZZ. 148 
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Likelihood values for time variables achieved a maximum LR+ of 1.54 for F8 and 1.38 for ZZ and LR- 149 
0.72 for F8 and 0.80 for ZZ.  150 
Using different cut-offs did affect number of errors with a LR+ of 11 for a 16 errors cut-off during F8 151 
tracing, making it “very positive” while a cut-off 8 errors during F8 tracing led to a LR- of 0.08, which 152 
is regarded as “extremely negative” (Sackett, 2000). Further values are presented in Table 3.  153 
After adjusting for age, NDI and pre-test pain status, the subgroup ANCOVA showed the WAD 154 
subjects performed the ZZ pattern significantly faster, and generated on average 5.8 more errors 155 
than INP subjects, a non-significant trend (p=0.11, Table 2), during F8.  156 
Table 1: Demographics and between group differences (mean and standard deviation) for time taken 157 
and number of errors for the Zig Zag (ZZ) and Figure of eight (F8) pattern tracing.  158 
                  Group 
 
Variable 
Controls (n=38) Neck pain subjects 
(n =38) 
p-value 
Gender (f/m) 21/17 21/17 1 
Age (years) 35.13 (13.18) 34.95 (12.53) 0.95 
NDI %  0.89 (1.37) 22.36 (10.06) < 0.001 
DHIsf /13 12.89 (0.51) 10.66 (2.56) < 0.001 
Duration in months  NA 67 (76)) NA 
Pain VAS/100 mm  0 (0) 25.61(21.54)  < 0.001 
F8  Time (sec)  25.4 (10.1)  30.9 (11.6) 0.03 
Number of errors 7.4 (4.5)  20.6 (10.3) < 0.001 
ZZ Time(sec)  23.3 (11)  27.8 (12.5) 0.09 
Number of errors 7.5 (3.1)  11.2 (4.7) < 0.001 
NDI= Neck disability index; DHIsf= Dizziness handicap inventory short form; VAS = Visual analogue 159 
scale; NA= Not applicable 160 
Table 2: Demographics (mean and standard deviation) and between neck pain group (whiplash and 161 
idiopathic neck pain) differences for time taken and errors for the Zig Zag (ZZ) and Figure of eight (F8) 162 
pattern tracing.   163 
                  Group 
 
Variable 
Idiopathic neck pain 
(n=25) 
Whiplash associated disorders 
(n=13) 
p-
value 
Gender (f/m) 14/11 7/6 1 
Age (years) 31.72 (12.03) 41.15(11.46) 0.03 
11 
 
NDI= Neck disability index; DHIsf= Dizziness handicap inventory short form; VAS = Visual analogue 164 
scale; F8 and ZZ outcome values were adjusted for pre-test pain, age and NDI. 165 
 166 
Table 3: Sensitivity, specificity, LR+ and LR- for number of errors and time variables 167 
Parameter Cut-off Sensitivity Specificity LR+ LR- 
F8 time 20 sec 0.89 
(0.75, 0.97) 
0.34 
(0.20, 0.51) 
1.36 
(1.06, 1.75) 
0.31 
(0.11, 0.86) 
24 sec 0.68  
(0.51, 0.82) 
0.47  
(0.31, 0.64) 
1.30  
(0.90, 1.88) 
0.67  
(0.37, 1.19) 
28 sec 0.53 (0.36, 
0.69) 
0.66 (0.49, 
0.80) 
1.54 (0.90, 
2.62) 
0.72 (0.48, 
1.08) 
32 secs 0.37 (0.22, 
0.54) 
0.76 (0.60, 
0.89) 
1.56 (0.77, 
3.15) 
0.83 (0.61, 
1.12) 
F8 number of 
errors 
8 Errors 0.95 (0.82, 
0.99) 
0.63 (0.46, 
0.78) 
2.57 (1.68, 
3.93) 
0.08 (0.02, 
0.33) 
10 Errors 0.87 (0.72, 
0.96) 
0.76 (0.60, 
0.89) 
3.67 (2.04, 
6.58) 
0.17 (0.07, 
0.40) 
12 Errors 0.76 (0.60, 
0.89) 
0.79 (0.63, 
0.90) 
3.63 (1.91, 
6.88) 
0.30 (0.17, 
0.54) 
14 Errors 0.63 (0.46, 
0.78) 
0.89 (0.75, 
0.97) 
6.00 (2.30, 
15.64) 
0.41 (0.27, 
0.63) 
16 Errors 0.58 (0.41, 
0.74) 
0.95 (0.82, 
0.99) 
11.00 (2.78, 
43.55) 
0.44 (0.30, 
0.65) 
ZZ time 16 sec 0.87 (0.72, 
0.96) 
0.34 (0.20, 
0.51) 
1.32 (1.02, 
1.71) 
0.38 (0.15, 
0.97) 
20 sec 0.71 (0.54, 
0.85) 
0.45 (0.29, 
0.62) 
1.29 (0.91, 
1.83) 
0.65 (0.35, 
1.19) 
24 sec 0.50 (0.33, 
0.67) 
0.61 (0.43, 
0.76) 
1.27 (0.76, 
2.10) 
0.83 (0.55, 
1.24) 
28 sec 0.47 (0.31, 
0.64) 
0.66 (0.49, 
0.80) 
1.38 (0.80, 
2.41) 
0.80 (0.55, 
1.17) 
32 sec 0.26 (0.13, 
0.43) 
0.71 (0.54, 
0.85) 
0.91 (0.44, 
1.88) 
1.04 (0.79, 
1.37) 
ZZ number of 
errors 
5 errors 0.92 (0.79, 
0.98) 
0.21 (0.10, 
0.37) 
1.17 (0.97, 
1.41) 
0.38 (0.11, 
1.31) 
NDI %  20.88 (10.08) 25.24 (9.78) 0.21 
DHIsf/13  10.48 (2.85) 11 (1.96) 0.51 
Duration in months  63 (80) 75 (70) 0.64 
Pain on 100 mm VAS  20.12(21.56)  36.15 (17.81) 0.02 
F8 Time (sec)  32.05 (12.1)  28.67 (12.6)  0.45 
Number of 
errors  
18.6 (9.4) 24.4 (9.8) 0.11 
ZZ Time (sec) 31 (12.7) 21.8 (9.8) 0.02 
Number of 
errors 
11 (5.2) 11 (5.4) 0.99 
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7 errors 0.79 (0.63, 
0.90) 
0.47 (0.31, 
0.64) 
1.50 (1.06, 
2.11) 
0.44 (0.22, 
0.90) 
9 errors 0.71 (0.54, 
0.85) 
0.76 (0.60, 
0.89) 
3.00 (1.64, 
5.50) 
0.38 (0.22, 
0.64) 
11 errors 0.50 (0.33, 
0.67) 
0.82 (0.66, 
0.92) 
2.71 (1.29, 
5.69) 
0.61 (0.43, 
0.87) 
13 errors 0.37 (0.22, 
0.54) 
0.92 (0.79, 
0.98) 
4.67 (1.46, 
14.93) 
0.69 (0.53, 
0.89) 
Sens= Sensitivity; Spec= Specificity; LR+= positive Likelihood ratio; LR- = negative Likelihood ratio; 168 
95% Confidence intervals in brackets, optimal cut offs in bold 169 
 170 
Discussion 171 
The current study supports the validity and clinical utility of this simple and inexpensive measure to 172 
assess CMS in individuals with NP and provides guidance as to potential measures that could be used 173 
clinically to determine abnormal CMS. We showed that individuals with NP differ to age- and gender 174 
matched controls in CMS with significantly more errors while tracing both a F8 and ZZ pattern. 175 
Although individuals with NP needed more time for tracing both patterns, significance was only 176 
achieved for the F8 tracing (Table 3). Number of errors for optimal cut off values overall showed 177 
moderate likelihoods, meaning a test result with more than nine errors for ZZ OR 10 errors for F8 178 
tracing, respectively strengthens the likelihood of the CMS performance differing from asymptomatic 179 
people. Encouragingly, our LR values based on a simple clinical measure are similar to those 180 
calculated from values reported for cervical movement accuracy during left and right rotation as 181 
detected by more sophisticated technology (LR+: 2-3.57, LR-: 0.3 -0.58) (Sarig Bahat et al., 2015a).  182 
High likelihood values were not expected, as sensorimotor dysfunction is not a generic feature, and 183 
in  individuals with NP, demonstrates the importance of establishing values that provide the best 184 
specificity i.e. ability to distinguish from a normal performance. Our findings provide some guidance 185 
for what might be considered a “normal” performance with nine or less errors for ZZ and ten or less 186 
for F8 pattern tracing. Further distinction may apply if the test is completed within 28 seconds 187 
although this has less clinical significance (Table 3).  188 
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The results also support the use of real time error counting, making the assessment feasible in the 189 
clinical setting. This is in agreement with a study indicating perfect and high reliability for both time 190 
and number of errors to trace both patterns (Werner et al., 2018). The current study corroborates 191 
these findings using age- and gender-matched neck pain and control groups, given both variables are 192 
known to affect CMS (Kristjansson et al., 2016, Oddsdottir et al. , 2013, Sarig Bahat H, 2016).  193 
We regard the increased number of errors while performing ZZ and F8 patterns in the neck pain 194 
group as indicative of impaired movement accuracy. According to the accuracy speed trade-off, less 195 
error is usually associated with longer time to complete a movement task; however, this was not the 196 
case in the participants with neck pain, which suggests poorer overall accuracy (Sandlund et al. , 197 
2008). Woodhouse et al. have shown similar findings with WAD subjects demonstrating more 198 
irregular head movements while tracking the F8 pattern with a slow predetermined speed compared 199 
to healthy controls and INP, but not with a given faster speed (Woodhouse et al., 2010b). Further, 200 
this finding is in line with other studies using more sophisticated equipment where increased 201 
“jerkiness” or greater deviation from a moving target position are reported to reflect impaired 202 
smoothness in movement (Kristjansson et al., 2016, Kristjansson and Oddsdottir, 2010, Michiels et al. 203 
, 2014, Oddsdottir and Kristjansson, 2012, Sarig Bahat et al., 2015a, Woodhouse et al., 2010b).  204 
The current study also compared results from individuals with idiopathic neck pain and those with 205 
whiplash. Those who have had trauma and or dizziness are thought to be more likely to have greater 206 
proprioceptive deficits (Woodhouse et al., 2010b). However, we identified the only significant 207 
difference between groups to individuals with INP needing more time to trace the ZZ pattern (Table 208 
2). 209 
It appears that the WAD patients demonstrated superior accuracy-speed trade off during ZZ as they 210 
moved faster without increased number of errors. In completing F8 tracing, WAD patients generated 211 
approximately six errors more than INP, but this was not significantly different (p=0.11) (Table 2) 212 
(Sandlund et al., 2008). The rationale for different findings for ZZ compared to F8 is unclear but we 213 
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speculate this relates to the complexity of the tracing task where F8 may require multi-planar motion 214 
and non-linear trajectories while ZZ requires bi-planar motions (Michiels et al., 2013). Alternatively, it 215 
could reflect a change in strategy in WAD with a more difficult task. Similar changes in strategy have 216 
been seen in other studies on sensorimotor control comparing WAD and INP (Field et al. , 2008, 217 
Treleaven and Takasaki, 2015). For example, in a more difficult balance task, WAD subjects tended to 218 
stiffen with a decrease in sway compared to both INP and to an easier task where they had increased 219 
sway compared to INP (Field et al., 2008). Nevertheless, these findings should be interpreted with 220 
caution as subject numbers in this group were low and overall levels of pain and dizziness were mild. 221 
Further, idiopathic and whiplash patients groups were not aged matched, with whiplash patients 222 
approximately ten years older (Table 2). However, values of outcome variables were statistically 223 
adjusted for these differences. Further research should be conducted in larger sample sizes of neck 224 
pain populations, and including individuals with higher levels of pain and dizziness.  225 
Limitations This study has some limitations that should be considered in interpreting the results. 226 
First, the sample size, especially for the WAD group is small and may affect the subgroup analysis. 227 
Second, we used a web-cam to record videos and assessed them at a later date. Furthermore, at 228 
both sites we used mean values, rated by two raters, for outcome variables, which would not be 229 
feasible in daily practice. However, as the reliability of raters is previously shown to be high, ratings 230 
by a single rater are sufficiently reliable (Werner et al., 2018) . Potential rater bias had been 231 
minimised by keeping raters blind to each other and by blinding them to subjects’ clinical details. 232 
Future studies should explore test –retest reliability for subjects’ performance, as individual 233 
variability may occur, so as learning or fatigue (Woodhouse et al. , 2010a). In line with this 234 
responsiveness of the measure, post- intervention and performance comparison to more 235 
sophisticated measures will also be important future research directions.  Automated analysis of 236 
videos for time, number of errors and other variables relating to error might also be relevant 237 
(Röijezon et al. , 2017).  238 
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Conclusion  239 
The simple clinical measure to count number of errors and the time taken to trace a F8 or ZZ pattern 240 
with a laser pointer affixed to the patient’s head appears suitable in assessing movement sense 241 
impairment in neck pain patients. Our findings indicate that examining time alone is of insufficient 242 
clinical merit with number of errors appearing superior. Neck pain patients in general perform worse 243 
than age-and gender matched healthy subjects for both patterns. Some differences were seen in 244 
those with WAD but this requires further exploration. Clinical interpretation should consider more 245 
than nine errors for ZZ and ten errors for F8 to increase the probability of movement sense 246 
impairment, especially if this is performed in longer than 28 seconds. We recommend that clinicians 247 
prioritise testing the ZZ pattern as this has superior reliability and clinical feasibility, and remained 248 
able to distinguish between subjects with and without neck pain. 249 
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